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Abstract: Rates of growth and sexual maturation of Mongolian gerbils vary in response to photoperiod. Previous work has shown
that the responses of the testes and body weight of juvenile and adult gerbils are influenced not only by the photoperiods but also
by other factors. The present work sought to determine if Mongolian gerbils alter body mass, body composition and/or reproductive
organ mass in response to different photoperiods and temperatures. Male Mongolian gerbils were raised under long (14L) or short
(10L) photoperiods from 26 days of age. Photoperiods did not affect body mass and body length. Temperature affected body mass
only under 10L with animals housed at 10ºC being significantly ligter than gerbils housed at 20ºC. Temperature did not affect the
length of the body. Changes in body mass in response to photoperiod and/or temperature exposure were primarily due to the
deposition or loss of fat-free dry mass and water. The mass of the reproductive organs (testes and seminal vesicles) was significantly
decreased in gerbils housed under 10L. The mass of reproductive organs at 86 or 160 days of age was not affected by the
temperature. Taken together, these results suggest that male Mongolian gerbils use photoperiodic information and temperature to
change their body mass and reproductive organs.
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Yetiflkin Mongolian Gerbillerde (Meriones unguiculatus) Büyüme ve Üreme Organlar›n›n
A¤›rl›klar› Üzerine S›cakl›¤›n ve Fotoperiyodun Etkileri
Özet: Mongolian gerbillerde büyüme ve efleysel olgunlaflma h›z› fotoperiyod taraf›ndan kontrol edilmektedir. Bir önceki çal›flmada
juvenil ve yetiflkin gerbillerin testis ve vücut a¤›rl›k cevaplar›n›n sadece fotoperiyod taraf›ndan de¤il ayn› zamanda di¤er faktörlercede
etkilendi¤i gösterildi. Bu çal›flmada de¤iflik fotoperiyod ve s›cakl›klarda Mongolian gerbillerin vücut a¤›rl›¤›n›n, vücut
kompozisyonunun ve üreme organ a¤›rl›klar›n›n verdi¤i cevap araflt›r›ld›. Erkek Mongolian gerbiller 26 günlükten itibaren uzun (16L)
ya da k›sa (10L) fotoperiyodlarda tutuldular. Bu fotoperiyodlar hayvanlar›n vücut a¤›rl›k ve uzunluklar›n› etkilemedi. 10L ve 10 ºC
s›cakl›kta tutulan hayvanlar›n vücut a¤›rl›klar›, ayn› fotoperiyod fakat 20 ºC de tutulan hayvanlardan istatiksel olarak daha düflük
bulundu. S›cakl›k vücut uzunlu¤unu etkilemedi. Fotoperiyod ve/veya s›cakl›¤a cevap olarak vücut a¤›rl›¤›nda meydana gelen
de¤iflimler ya¤s›z kuru a¤›rl›¤›n ve suyun kayb› ya da depolanmas›ndan dolay›d›r. Üreme organlar›n›n a¤›rl›¤›nda (testis ve seminal
vesikül) görülen anlaml› düflüfl, sadece 10L fotoperiyodunda tutulan hayvanlarda gözlendi. 86 ya da 160 günlük hayvanlar›n üreme
organlar›ndaki a¤›rl›k s›cakl›k taraf›ndan etkilenmedi. Sonuç olarak, Mongolian gerbiller vücut a¤›rl›k ve üreme organlar›ndaki
de¤iflimi düzenlemek için fotoperiyod ve s›cakl›¤› kullan›rlar.
Anahtar Sözcükler: Gerbil, Fotoperiyod, Büyüme, Üreme, S›cakl›k

Introduction
Many rodent species exhibit seasonal adaptations in body
mass, body composition, and reproductive condition (14). Most rodent species examined thus far use the annual
cycle of day length to phase seasonal adjustments that
promote survival. Photoperiod appears to be one of the
principal proximate predictors of future environmental
conditions. For example, most photoperiodic rodents
studied to date show decreases in growth rate and body

mass and testicular regression when exposed to short
photoperiod, while exposure to long photoperiod
increases growth rate and body mass and promotes
testicular growth and reproductive activity (1, 2, 5-8).
These seasonal physiological changes are adaptations to
seasonal changes in the environment and are a strategy
important for survival and reproduction.
The use of photoperiod to time growth and
reproduction in conjunction with cues provided by food,
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water, plant chemicals and social factors should maximize
fitness by promoting overwinter survival (9-11). The
ultimate factor influencing the seasonal decrease in body
mass of overwintering may be food limitation. For
example, Syrian hamsters (Mesocricetus auratus) increase
body mass when exposed to short photoperiod (in the
absence of increased food intake) (4). Likewise, collared
lemmings (Dicrostongx groenlandicus) may increase body
mass by 50% when transferred from long to short
photoperiods (12). In contrast, Siberian hamsters
(Phodopus sungorus sungorus) decrease body mass when
placed into short days (4, 13). The decrease in body mass
in these hamsters precedes a decline in food intake,
suggesting a metabolic basis for the reduction in body
mass. Meadow voles (Microtus pennsylvanicus) exposed
to short photoperiod reduce body mass by 20% and food
intake by 30% when compared to voles in long
photoperiod conditions (3, 14). Therefore, the seasonal
reduction in body mass coupled with cessation of
reproduction, increased pelage insulation and nestbuilding activity may facilitate overwinter survival by
decreasing absolute energy requirements (15).
If the seasonal decrease in body mass is an adaptive
response to a limited food supply and harsh climatic
conditions, one might predict that seasonal body mass
reductions would be greatest in climates with severely
cold winters. Mongolian gerbils (Meriones unguiculatus)
are small rodents inhabiting Mongolia but with an
extensive geographical distribution. As such, this species
is subjected to extremes of both photoperiod and
temperature. Yet maintenance of body weight in adult
gerbils appears to be independent of photoperiodic signal.
On the other hand, exposure to short photoperiods
causes testicular regression in adult gerbils (Karakafl and
Gündüz, data to be published).
Because of the lack of reports of seasonal and
photoperiodic changes in body mass, the photoperiodic
and temperature regulation of the body mass changes
was investigated in the present study. The primary goal
of this study was to determine if Mongolian gerbils alter
their body mass in response to photoperiodic reversal.
In addition, this study sought to determine the
contribution of the reproductive organs to any observed
changes in body mass in response to photoperiod and
temperature.
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Materials and Methods
The male Mongolian gerbils used in this study were
obtained from our laboratory colony established at Abant
Izzet Baysal University. The breeding colony was
maintained under a 14L:10D (14 hours of light, 10 hours
of darkness; lights off at 2000) photoperiod and room
temperature of 20 ± 2ºC. In order to control for
maternal effects, all experimental animals were gestated
and weaned under a 14L:10D photoperiod. At weaning
(26 days of age), gerbils were randomly divided into four
major groups of 30 each. Each group was assigned to one
of four different environments: 1) 10L (short phd; SD),
10ºC; 2) 10L, 20ºC; 3) 14L (long phd; LD), 10ºC; 4) 14L,
20ºC [phd1]. After 8 weeks (86 days of age) on these
photoperiod treatments all gerbils were weighed. Ten
animals from each of the four initial treatment groups
were sacrificed and paired testes weights were recorded.
Of the remaining gerbils (n=80), one half of each regimen
was switched to the opposite photoperiod treatment (LDSD; SD-LD) while the other half remained in their original
photoperiods [phd2]. Gerbils remained in these
treatments for 10 weeks and were sacrificed at 160 days
of age. Four animals in different regimes died during the
experiment and they were excluded from the experiment.
The animals were housed in 16x31x42 cm cages with
pine shavings used as bedding. Food pellets (Purina
Rodent Chow) and tap water were accessible ad libitum.
Body Mass and Length: Body mass changes were
monitored by weighing the animals every week from 86
to 160 days of age. Body lengths were measured with a
ruler to the nearest 0.1 mm at the end of experiment.
The resulting data were analyzed by a 3-way repeated
measure ANOVA (SPSS for Windows, ver 9.0).
Body Composition and Reproductive Tissue Mass:
Body composition was determined at the end of the
experiment (day 160). The gerbils were sacrificed by
cervical dislocation, and then weighed and eviscerated.
The testes and seminal vesicles were removed and
weighed to the nearest milligram. Body water content
was determined by drying the eviscerated carcasses to
constant mass at 70ºC. Dried carcasses were extracted
with petroleum ether in a Soxhlet apparatus to determine
fat content and fat free dry weight (FFDW; 16).
Reproductive organ mass data were analyzed using a 3way ANOVA.
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regimen (phd2) (p>0.05). Temperature had a significant
effect on final body mass in gerbils. Body length at 160
days of age was not significantly affected by phd1 or
phd2 (p=0.40), with gerbils exhibiting large body lengths
(Table 2). Temperature did not affect body length
(p>0.05).

Results

Body Mass (g)

Body Mass and Length: The effects of photoperiod,
photoperiod reversal and temperature on body mass are
given in the Figure and Tables 1 and 2. Body mass on day
86 was not significantly affected by photoperiods
(p=0.80) but was significantly affected by temperature
(F=5.50, p<0.05; Table 1). Gerbils raised under SD from
weaning were not heavier than gerbils from the LD
regimes (LD W vs. SD W; Table 1 or SD-SD W vs. LD-LD
W; Table 2; p>0.05). Gerbils from the LD W regimen
were 58% heavier than those from the SD C regimen
(Table 2). Temperature had an effect on body mass in
animals from the SD regimes (F=19.07, p<0.01).
Repeated measures ANOVA revealed that body mass
changed with time from 86 to 160 days of age. The
effect of time on body mass change was dependent on
temperature (F=34.37, p<0.001). Body mass at the end
of experiment (day 160) was significantly affected by
temperature (F=8.54, p<0.01). Final body weight (day
160) of the animals first exposed to SD W (phd1) was not
different than that of those first exposed to LD W (phd1)
when comparing gerbils from similar phd2 photoperiods
and temperatures (F=0.73, p=0.40). Gerbils exposed to
SD C from 86 to 160 days of age (phd2) were different
from those from LD C (phd2) regimens (F=56.21,
p<0.001). Gerbils from the LD C regimen (phd2) were
not significantly different from those from the LD W
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Body Composition: The effects of photoperiod (phd1
and phd2) and temperature on body composition
corrected for differences in body mass are shown in Table
3. Relative FFDW (g) was significantly greater, by 9%, in
gerbils exposed to warm (20ºC) temperature relative to
those exposed to cold (10ºC) from days 86 to 160
(F=14.59, p<0.001). Gerbils exposed to LD (phd2) and
warm (20ºC) temperature from day 86 to 160 showed a
significantly (F= 12.40, p<0.001) lower relative fat
content than gerbils from the SD (phd2) and cold (10ºC)
temperature regimens. Relative water content was not
different between gerbils exposed to SD and gerbils
housed under LD conditions (p>0.05). Gerbils from the
all warm regimens showed greater body water content
relative to gerbils housed at 10ºC (F=7.71, p<0.01).
Reproductive Tissue Mass: Analysis of variance
revealed that paired testes weights of LD regimes at 86
days of age were higher than those of SD regimes
(p<0.05) (Table 1). At 160 days of age, paired testes
weights were significantly affected by photoperiod
(p<0.01) (Table 4). Gerbils housed under LD had paired

B
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Figure:

Effects of photoperiod and
temperature on body mass in the
male Mongolian gerbil. A
represents animals that were kept
in LD, 20ºC (W), and either
transferred to SD, 20ºC (W), or
kept at the same regimen. B
represents animals that were kept
in LD, 10ºC (C), and either
transferred to SD, 10ºC (C), or kept
at the same regimen. C represents
animals that were kept in SD, 20ºC
(W), and either transferred to LD,
20ºC (W), or kept at the same
regimen. D represents animals that
were kept in SD, 10ºC (C), and
either transferred to LD, 10ºC (C),
or kept at the same regimen.

160

79

Effects of Photoperiod and Temperature on Growth and Reproductive Organ Mass in Adult Male Mongolian Gerbils, Meriones unguiculatus

n

Body Weights (g)
at 86 days of age
Mean ± SEM

n

Paired Testes Weight (g)
at 86 days of age
Mean ± SEM

LD W

30

69 ± 1.7

10

1.64 ± 0.21

LD C

30

62 ± 1.3

10

1.56 ± 0.19

SD W

30

70 ± 1.9

10

1.14 ± 0.12

SD C

30

48 ± 1.1

10

1.03 ± 0.10

Regimen

Regimen

n

Body Weight
(g) at 86 days
Mean ± SEM

LD-LD W

10

70 ± 3.2

73 ± 3.1

0.1 ± 0.02

115 ± 1.3

LD-LD C

10

64 ± 2.9

71 ± 3.0

0.1 ± 0.02

114 ± 1.3

LD-SD W

9

69 ± 3.0

70 ± 2.8

0.1 ± 0.02

118 ± 1.4

LD-SD C

10

67 ± 3.0

46 ± 2.0

-0.3 ± 0.03

120 ± 1.4

SD-SD W

8

70 ± 3.1

73 ± 3.0

0.1 ± 00.1

121 ± 1.4

SD-SD C

10

44 ± 1.9

47 ± 1.7

0.1 ± 0.01

114 ± 1.3

SD-LD W

9

66 ± 2.7

71 ± 3.2

0.1 ± 0.01

118 ± 1.4

SD-LD C

10

46 ± 1.9

64 ± 2.8

0.2 ± 0.02

118 ± 1.4

Regimen

n

Body Weight
(g) at 160 days
Mean ± SEM

Change in Body
Weight (g day-1)
Mean ± SEM

Body Length
(mm) at 160 days
Mean ± SEM

Fat Free Dry Wt. (FFDW) (g)
Mean ± SEM

Fat Wt. (g)
Mean ± SEM

Water Wt. (g)
Mean ± SEM

LD-LD W

10

13.7 ± 0.33

14.9 ± 1.34

30.4 ± 0.60

LD-LD C

10

11.3 ± 0.40

18.4 ± 1.68

28.4 ± 0.70

LD-SD W

9

13.2 ± 0.37

13.2 ± 0.86

29.4 ± 0.68

LD-SD C

10

11.7 ± 0.38

17.7 ± 1.68

26.7 ± 0.64

SD-SD W

9

13.9 ± 0.38

13.8 ± 1.20

30.4 ± 0.76

SD-SD C

10

12.1 ± 0.44

17.4 ± 1.02

26.1 ± 0.82

SD-LD W

8

14.2 ± 0.43

13.9 ± 1.32

29.8 ± 0.67

SD-LD C

10

11.1 ± 0.34

17.7 ± 0.84

26.0 ± 0.61

Regimen

n

Testes Weight (g)
Mean ± SEM

Seminal Vesical Weight (mg)
Mean ± SEM

LD-LD W
LD-LD C

10

1.84 ± 0.21

108 ± 35.0

10

1.69 ± 0.18

94 ± 31.0

LD-SD W

9

1.24 ± 0.16

44 ± 13.8

LD-SD C

10

1.18 ± 0.17

36 ± 13.1

SD-SD W

8

1.20 ± 0.2

42 ± 14.4

SD-SD C

10

1.14 ± 0.16

34 ± 13.6

SD-LD W

10

1.76 ± 0.22

98 ± 31.0

SD-LD C

9

1.80 ± 0.24

102 ± 38.0

80

Table 1.

Effects of photoperiod and
temperature on body mass and
testes weight at 86 days of age in
male Mongolian gerbils. All values
are means ± SEM. LD = long
photoperiod (LD 14:10). SD =
short photoperiod (SD 10:14), C =
10ºC, W = 20ºC.

Table 2.

Mean body weights (± SEM), body
weight changes and body length in
male Mongolian gerbils. Symbols
are given in Table 1.

Table 3.

Analysis of covariance of body
composition in male Mongolian
gerbils. The covariate was
eviscerated body weight. Symbols
are given in Table 1.

Table 4.

Mean measurements (± SEM) of
testes and seminal vesical weights
in male Mongolian gerbils at 160
days of age.
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testes weights that were 35% higher than those of
gerbils housed under SD. Seminal vesicle weights were
significantly affected by photoperiod (p<0.05) (Table 4).
Animals from the SD regimen had seminal vesicle weights
that were significantly lower than those of animals from
LD (F=10.10, p<0.01) (Table 2).

Discussion
Gerbils displayed a loss of body weight when exposed
to a short-day photoperiod in a cold environment but
these phenomena did not occur in gerbils exposed to long
days and cold. Among the majority of photoperiodic
rodents studied to date, such photoperiodic responses
have been described in some mammals (17). Short
photoperiods did not change the growth rate or adult
body mass in gerbils gestated, weaned and raised under
conditions of short photoperiods (Karakafl and Gündüz,
data to be published; present study). Therefore, body
composition in Mongolian gerbils is not photoperioddependent but temperature-dependent.
Cold temperature decreases mass in adult gerbils only
under short photoperiods. While the data seemingly
shows that weight gain and/or loss is solely a function of
temperature, when the slopes of the weight gain/loss are
analyzed, it is apparent that photoperiod is also a
significant factor, i.e., weight gain was greater at low
temperature under long photoperiods. This was
significant in animals that were switched from SD to LD
C. The weight decrease seen in gerbils under cold
conditions relative to that of animals housed in warm
conditions is not associated with a decrease in body
length, suggesting that cold temperature only promotes
weight loss.
The decrease in mass associated with a switch from
warm to cold conditions in adult gerbils resulted from a
decrease in FFDW and water. When body composition is
adjusted for differences in body mass (relative body
composition via ANCOVA) it is apparent that exposure to
cold in adult gerbils decreases the relative proportion of
FFDW and water, but increases the relative fat content,
suggesting that cold exposure in adult gerbils selectively
stimulates the deposition of fat rather than protein.
Mainer and Feist (18) found that lemmings switched to
short photoperiods had greater absolute and relative
FFDW than animals remaining in long photoperiods, but
found no difference in absolute and relative fat and water

content between photoperiod treatments. Since there are
no published reports on gerbils` response to photoperiods
and temperature conditions, differences between this
study and that of Mainer and Feist (18) show the species
differences.
Recently, it was shown that gerbils exposed to short
photoperiods (0L, 2L, 4L, or 6L) at weaning had smaller
testes at puberty when compared to gerbils housed under
conditions of long photoperiods (Karakafl and Gündüz,
data to be published). Results from the present study
show that paired testes weights and seminal vesicles are
influenced by photoperiods and temperature at 86 and
160 days of age. Gerbils exposed to SD during phd1 had
smaller testes and seminal vesicle weights compared to
those of gerbils exposed to long photoperiods. These
findings suggest that exposure to short photoperiod
(10L) may inhibit reproductive tissue growth and the
inhibition is not long lasting, and exposure to long
photoperiods promotes the development of large testes
and seminal vesicles in adult Mongolian gerbils.
Brooks and Webster (19) suggested that the increase
in body mass associated with exposure to short
photoperiod in the collared lemming, for example, might
be an adaptation for winter breeding. This suggestion
was based on the idea that reproductive activity in other
species is often associated with increases in body mass. If
the short-photoperiod-induced increase in body mass of
the Mongolian gerbils was in fact an adaptation for
breeding, then adult gerbils switched from LD to SD
should have shown an increase in testes and seminal
vesicle weights associated with the weight gain. Results
from the present study show that although body mass
does not change in adult gerbils switched from LD to SD,
testes and seminal vesicle weights are significantly
affected by the treatment. This observation would
suggest that the decreased reproductive organ weights of
male Mongolian gerbils associated with short photoperiod
might not be an adaptation for winter breeding.
In conclusion, adult Mongolian gerbils switched from
long to short photoperiod do not change in body mass
while those switched from warm temperature to cold
temperature decrease body mass. Both the increase and
decrease in body mass associated with temperature
appear to be due primarily to the deposition or loss of fat
and water. Post-weaning exposure to short as opposed to
long photoperiod inhibits testes and seminal vesicle
weights in adult Mongolian gerbils, regardless of
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secondary photoperiodic exposure, suggesting that the
photoperiod condition seen early in life may “program”
the size of adult reproductive tissues in this species. It is
also suggested that the Mongolian gerbil can be utilized
as an additional animal model to examine photoperiod
and temperature influences at various phases of growth.
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